Introduction
============

The rate of occurrence of colorectal cancer in Korean females has been consistently rising in the latest decade. In 2010, colorectal cancer ranks as the third most common cancer (10.3%) in Korean females, with the newest patients being 10,170. Meanwhile, five-year survival rate has been ascending either; the relative ratio of five-year survival in Korean female in between 2006 and 2010 recorded 69.9% \[[@B1]\].

Hereditary nonpolyposis colorectal cancer (HNPCC), also known as Lynch syndrome, is inherited as autosomal dominant manner, and manifests in relatively younger age. It presents as a variety of malignancies such as endometrial cancer, colorectal cancer, and some other cancers that are known to be linked with microsatellite instability (MSI). This syndrome comes into existence by germline mutations on the DNA mismatch repair genes: MSH2, MLH1, MSH6, PMS1, and PMS2, among which MSH2, MLH1, and MSH6 mutations in the majority of cases \[[@B2]\].

According to Aarnio et al. \[[@B3]\], the endometrial cancer is the second most common presentation among HNPCC pedigree, following the colorectal cancer; while the occurrence rate of the endometrial cancer among general population is 1.3%, that of HNPCC pedigree reaches as high as 60%. In fact, endometrial cancer was included as diagnostic criteria of HNPCC, according to the Revised Bethesda guideline \[[@B4]\], and Amsterdam criteria II \[[@B5]\], justifying the necessity of the early screening more crucial.

Although the incidence of endometrial cancer is still low in Korea, it is the most common gynecologic malignancy in western countries. However, the incidence of endometrial cancer has increased rapidly in Korea \[[@B1]\]. Thus, endometrial cancer is a clinically important gynecological malignancy, and it is known to be genetically related to the HNPCC. However, the domestic data to prove its significance is still insufficient. For this reason, this study would like to highlight the genetic connection between double primary malignancies of colorectum and endometrium in patients who were registered in a single institution.

Materials and methods
=====================

1. Patients
-----------

There were 12 patients who were diagnosed of both colorectal and endometrial cancers in Seoul National University Hospital in between January 2004 and December 2013; a retrospective study was conducted for these patients. Data including MSI analysis, immunohistochemistry (IHC) staining, family history, and other accompanied diseases were collected by medical records. This study was conducted according to the Helsinki Declaration statement, and approved by the institutional review board (no. 1407-132-597).

2. Microsatellite instability analysis
--------------------------------------

For MSI analysis, polymerase chain reaction was conducted from DNA of the frozen tumor or normal tissue to verify the sequence of 2 mononucleotide repeats (BAT25 and BAT26) and 3 dinucleotide repeats (D2S123, D5S346, and D17S250) with specific primers for each kind (Bioneer, Daejeon, Korea). MSI was confirmed when the specimen showed either a longer or a shorter PCR product compared to the normal tissue of the patient. The specimen was sorted as microsatellite instability-high (MSI-H) when 2 or more of the 5 markers were found to have instability, whereas microsatellite stable were labeled when none of the markers contained instability. Other specimen that did not meet such criteria were classified as microsatellite instability-low, i.e., when only one marker contained instability \[[@B6]\].

3. Immunohistochemistry staining
--------------------------------

IHC staining for MLH1 and MSH2 expression was performed to the slide from paraffin-embed tissue with the use of the antibodies against MLH1 and MSH2 as the primary antibodies, respectively: mouse monoclonal antibodies against hMLH1 (clone ES05, DAKO, Glostrup, Denmark) and MSH2 (clone FE11, Life Technologies, Seoul, Korea). HRP multimer-tagged secondary antibodies were then utilized. Specimens that lack either one of those markers were classified as the loss of mismatch repair (MMR) expression \[[@B7],[@B8],[@B9]\].

4. Mutation analysis
--------------------

Mutation analysis was conducted on the volunteer candidates among those who showed both MSI-H and loss of MMR expression. Informed consent was obtained and the blood samples were collected from the patients in EDTA coated tubes. DNA was extracted and PCR was performed using primers specific for 19 coding exons of the MLH1 gene (reference sequence: NM_000249.3) and 16 coding exons of the MSH2 gene (reference sequence: NM_000251.2). The amplified products were sequenced on an ABI 3730 analyzer (Applied Biosystems, Foster City, CA, USA) using a BigDye Terminator v3.1 Cycle sequencing kit (Applied Biosystems) \[[@B10]\].

5. Statistical analysis
-----------------------

The frequencies and percentages of general characteristics by MSI analysis and IHC staining were calculated. All statistical test results were determined significant when two-sided significance levels of *P*-value was less than 0.05. Statistical analyses were performed using SPSS ver. 17 (SPSS Inc., Chicago, IL, USA).

Results
=======

Characteristics of the patients were described in [Table 1](#T1){ref-type="table"}. For twelve patients who were diagnosed of both endometrial and colorectal cancers, the median age of detection in endometrial cancer was 52.5, and that in colorectal cancer was 54.5. Two of twelve patients were diagnosed of two kinds of malignancies simultaneously, five were diagnosed of colorectal cancer precedent to endometrial cancer, and the rest five were diagnosed of endometrial cancer precedent to colorectal cancer. Pathology reports were missing in 4 cases, because the patients were referred to the Seoul National University Hospital for their secondary malignancies from other institutions; two patients presented unknown histopathology for endometrial cancer, and the other two were uncertain for the histopathology for their colorectal cancer. With these exceptions, among ten patients with a known pathology for the endometrial cancer, nine of them were confirmed as endometroid adenocarcinoma. In a similar manner, ten patients with a known pathology for the colorectal cancer were all confirmed as adenocarcinoma.

All twelve patients underwent MSI analysis, nine of whom were classified as MSI-H. Of these nine, eight were IHC-stained, and six of them were found to have the loss of MMR protein. Four out of these MMR protein losses were found in MSH2 locus ([Fig. 1](#F1){ref-type="fig"}). None of the case revealed the loss of MMR protein in both MLH1 and MSH2 loci ([Table 1](#T1){ref-type="table"}).

Half of these 12 patients were diagnosed of either clinical HNPCC or HNPCC suspect; they were SNUOG 03, SNUOG 05, SNUOG 06, SNUOG 07, SNUOG 08, and SNUOG 12. Three patients (SNUOG 06, SNUOG 07, and SNUOG 08) were analyzed for a germline mutation, and all of them turned out positive for a known mutation. Genetic characteristics including medical and family history, were shown in [Table 2](#T2){ref-type="table"}. Two of them meet the Amsterdam criteria II, thereby could be clinically diagnosed as HNPCC \[[@B5]\], and the other one was a HNPCC suspect \[[@B11]\]. All of them showed both MSI-H and the loss of MMR expression.

Discussion
==========

In a sporadic cases of endometrial cancer, 2.6% of the patients lost their MMR protein expression; meanwhile, 8.3% of MSIH group patients lost MMR expression \[[@B12]\]. Another study showed that 8.7% of patients with endometrial cancer were diagnosed of either HNPCC suspect or clinical HNPCC, and one-third of clinical HNPCC patients were found to have germline mutation \[[@B13]\]. The current study reveals that 50% of the patients with double malignancies are diagnosed of either HNPCC suspect or clinical HNPCC. Among study population, 75% of the patients with double primary cancers have MSI-H, and 75% of MSI-H patients lost MMR expression. This study evaluated genetic perspectives of the patients with double primary malignancies, and unveiled a stronger genetic aberration of them compared to the patients with endometrial cancer only.

When a germline mutation occurs within the DNA MMR gene locus, errors made during the replication of the genetic material cannot be corrected and therefore lead to MSI. When this defect happens in the genes concerning cell division or growth regulation, a malignant tumor could arise as a result \[[@B14]\]. The majority (38% to 78%) of the known germline mutation happens within a MSH2 gene locus in the endometrial cancer \[[@B15]\]. This study revealed that two of the three candidates were found to have MLH1 mutation. This result is thought to be a bias from the fact the analysis was done only for the volunteers who showed both MSI-H and loss of MMR protein. IHC staining is known to be a highly specific method for confirming MSH2 mutation \[[@B15]\]. Note that the rate of loss MSH2 is two thirds (67%) in this study, similar to the preceding studies.

In case of the patient SNUOG 06, family genetic counseling was conducted for two daughters and a younger sister of the patient; one of her daughter turned out positive for a MSH2 mutation. Screening using ultrasonography and colonoscopy is planned on the confirmed offspring.

There are some weak points in this study. The samples size was small, mainly due to both the financial manner of the genetic test and the preservation of tumor specimen. Furthermore, the candidates of test were not randomly selected and therefore it is difficult to generalize the results. When considering the facts that the incidence and prevalence of the endometrial cancer are low, and there has been no previous study, however, this study could play a role in setting up a hypothesis.

The current study is distinct in that it proved a genetic aberration in patients with both primary endometrial and colorectal cancers, by various methods including MSI analysis, IHC staining, and mutation analysis. Chances were higher to have a HNPCC when an individual has a double primary cancers in her endometrium and colorectum, compared to those whom with endometrial cancer only. It might be beneficial that a germline mutation analysis be done for endometrial cancer patients or their families, based on the family history of other type of cancers. Early detection and treatment became a more important matter of concern in oncology nowadays. This study supports the necessity of re-defining the high-risk groups in endometrial cancers as well as the early diagnosis in such patients. Furthermore, family members of the patient who were positive for germline mutation should be considered as targets of early screening.
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###### Characteristics of patients with double primary cancers in endometrium and colorectum
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MSI, microsatellite instability; IHC staining, immunohistochemical staining; MSI-H, microsatellite instability-high; MSS, microstellite stable.

###### Characteristics of 3 patients with MMR germline mutation
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MMR, mismatch repair; MSI, microsatellite instability; HNPCC, hereditary nonpolyposis colorectal cancer; MSI-H, microsatellite instability-high.

^a)^Clinical HNPCC means that the patient fulfilled the Amsterdam criteria II; ^b)^Suspected HNPCC means that patient fulfilled the revised criteria for suspected HNPC.
